Two hundred microlitres of plasma is deproteinised, and chloride is removed with TeA/silver iodate. After centrifugation the phenylalanine in the protein-free extract is oxidised to benzaldehyde with buffered sodium metaperiodate. The benzaldehyde is extracted into iso-octane, and the absorbance of the organic layer is measured at 240 nm. The method gives good agreement with a paper chromatographic method at normal and elevated levels of phenylalanine. All the reagents are stable indefinitely, and a single determination can be completed in 15 minutes.
Requests for the determination of plasma phenylalanine fall into two entirely different categories. The screening of infants for phenylketonuria requires a method that can handle very large numbers of small samples. Two methods are ideal for this purpose: these are the Guthrie test, involving the growth of a Bacillus subti/is strain on a suitable nutrient medium 1 and the method of McCaman and Robinswhere the reaction product of phenylalanine, ninhydrin and a peptide, is treated with alkaline copper sulphate to produce a fluorescence.
Plasma phenylalanine determinations are also required in the monitoring of the treatment of known phenylketonurics. Even in laboratories serving large populations these requests are relatively infrequent, and a method is needed that is simple and rapid to perform and which uses very stable reagents.
The Guthrie test is difficult to perform in laboratories which are not already using it for screening purposes. It is not a rapid method and it is of poor precision. The fluorimetric method is more versatile, but it involves a 2-hour incubation, it uses a number of unstable reagents, and its precision is only moderate.
Three other methods, which have been used to determine plasma phenylalanine, need to be considered. One of the most specific methods involves paper chromatography of the plasma amino acids, followed by reaction with ninhydrin and elution of the coloured derivative formed. This method is not rapid, it requires a highly skilled analyst, and it is of only moderate precision.
Another well-known method employs oxidative de-amination of I-phenylalanine to phenylpyruvic acid using snake venom from the Eastern Diamondback rattlesnake Crotalus Adamanteuss The phenylpyruvic acid is then converted into its borate-enol complex, and the absorbance of this complex at 308 nm is used to measure the phenylalanine originally present. Tyrosine and tryptophan interfere by forming similar borate-enol complexes, which, however, have different absorbance peaks. By reading the absorbance at three wavelengths, it is possible to use a calculation which eliminates the interference of tyrosine and tryptophan. The method is simple and rapid to perform, and it gives good results when the phenylalanine concentration of the sample is raised. Its disadvantages are that it is relatively insensitive, and the snake venom and catalase used in the reaction are not stable for long periods.
In the method of Udenfriend and Cooper.s phenylalanine decarboxylase prepared from Streptococcus faecalis is used to convert phenylalanine to phenylethylamine, which is then reacted with methylorange to produce a complex which can be extracted into organic solvents. This method has not found wide use, possibly because of the difficulty of obtaining satisfactory supplies of the enzyme from commercial sources. In this laboratory the method of Udenfriend and Cooper has never given a satisfactory conversion of phenylalanine to phenylethylamine, and a paper chromatographic method has been used for many years. This method uses the cadmium acetate/ninhydrin reaction of Heilmann et al. 5 It gives good results on samples from phenylketonurics under treatment, but the procedure is relatively tedious, and investigations were conducted to develop a more convenient method.
Experimental
Amino acids can be deaminated and oxidised chemically. Clarke, 6 in his textbook on qualitative organic analysis, refers to the oxidation of alanine to acetaldehyde using lead peroxide, of valine to iso-butyraldehyde using hypochlorite, and of phenylalanine to benzoic acid. Possible oxidation products of phenylalanine include 2-phenyllactic acid, phenylacetic acid, phenylacetaldehyde, benzaldehyde, and benzoic acid. Of these derivatives, benzaldehyde alone has a high absorbance in the UV and the ability to be extracted into organic solvents from neutral aqueous solution.
In experiments with acid, neutral, and alkaline solutions of phenylalanine heated with various oxidising agents, the characteristic odours of phenylacetaldehyde and benzaldehyde could often be detected. The oxidants examined included potassium persulphate, potassium permanganate, potassium dichromate, eerie sulphate, sodium metaperiodate, sodium paraperiodate, lead dioxide, manganese dioxide, copper oxide, hydrogen peroxide, sodium hypochlorite, potassium iodate, and potassium bromate.
Of these oxidants, sodium metaperiodate was particularly satisfactory. In neutral solution under suitable conditions, a 90 % yield of benzaldehyde could be obtained from phenylalanine. Benzaldehyde has an absorbance peak at 250 nm in aqueous solution. The peak in iso-octane is at 240 nm, with a shoulder at 246 nm and minor peaks at 279 nm and 288 nm. Benzaldehyde does not absorb in iso-octane at 300 nm or at longer wavelengths. The molar absorbance in iso-octane is 14000 at 240 nm. By applying the metaperiodate reaction to a trichloroacetic acid extract of plasma, accompanied by isooctane extraction, a convenient method for the determination of phenylalanine was worked out. Iso-octane was chosen as a solvent because it is a relatively selective extractant and it has a low absorbance at wavelengths longer than 225 nm.
Material and method
Unless otherwise stated, use reagents of AR quality if these are available. All reagents keep indefinitely.
Succinate buffer 2M pH 5·7: Dissolve 23'6 g of succinic acid in 75 ml of 4M NaOH. Make the solution to 100 ml with water.
Screw-capped glass tubes: 12 screw-capped glass tubes may also be suitable, but the work here has been done using the above tubes.
Trichloroacetic acid (TCA) 10% M/V. Solid silver iodate.
Sodium metaperiodate: 0·3 g quantities of powdered NaI04 preweighed into small glass tubes.
Iso-octane 2:2 :4-trimethylpentane: The BDHt reagent quality is satisfactory as it has a low absorbance at wavelengths longer than 225 nm.
Stock phenylalanine 10 mmol/I in 5% TCA: Dissolve 165'19 mg of dl phenylalanine in 50 ml of 10% TCA and make the solution to 100 ml with water. Store at 4°C. Table 3 Between-batch precision of proposed method similarity of the reactions of all amino acids, making it difficult to achieve specificity. Comparisons between the proposed method and established methods are needed to show the relative specificity of the new method. For comparison purposes, a method involving the ethanolic precipitation of plasma proteins was employed." The ethanolic extract was added to 3 MM Whatman paper using a Technicon Mark I peristaltic pump and a hot air drier.s-" Descending chromatography was performed using a I phase n-butanol/water/acetic acid solvent (4: 2: t.v/v), The phenylalanine spots were visualised with cadmium acetate/ninhydrin, and the pink colour was extracted with methanoJ.5 Quantitative recovery of phenylalanine added to plasma was achieved by this method. Fifty pairs of analyses were performed on successive random samples from the routine intake of specimens. A further 20 pairs of analyses were done on successive samples from treated phenylketonurics having plasma phenylalanine levels between 350 and 1800 urnol/l, In both series the chromatographic and benzaldehyde methods were in close agreement (Table 4) . A further 50 pairs of analyses were done on successive random routine samples using the new method and the f1uorimetric method of McCaman and Robins-as modified by Hsia et al. I o and using a blank correction as recommended by Henry et al. ll The f1uorimetric method generally gave higher results than the benzaldehyde method (Table 4 ). A number of derivatives of phenylalanine, and a few substances which might possibly interfere, were examined for interference ( Table 5 ). The levels of 2-phenyllactic acid in the plasma of phenylketonurics is too low to cause appreciable interference, as shown by Kitagawa.P Although Kitagawa photometer is available set the scan between 300 and 225 nm and read the absorbances at the 240 nm. The spectrophotometer used should be checked to ensure that the readings are taken at the absorbance peak.
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Results and discussion
Benzaldehyde in iso-octane shows no absorbance at 300 nm. The main peak is at 240 nm with weak peaks at 279 and 288 nm and a shoulder at 246 nm. The ratio of absorbances is 240 nm: 246 nm: 279 nm: 288 nm = I: 0·85: 0·08: 0·06.
T~e~ata for calibration graph, for recovery, and for withinand between-batch precision are shown in Tables I, 2, and 3 ; these indicate a satisfactory performance by the new method. The main problem with most methods for determining phenylalanine is the The absorbances of the tests and standard do not alter on standing in the screw-capped tubes for 2·5h. The blank when read against iso-octane has an absorbance of about 0·015. The '625' standard should give an absorbance of about 0'44 at 240 nm.
The readings are linear for absorbances up to 0·7. Samples giving a higher absorbance than 0·7 should be re-analysed using an appropriate aqueous dilution of the sample. equivalent to a molar absorbance of II 000 for the reaction.
Since chloride present in plasma might oxidise to chlorine, silver iodate is used to remove chloride at the protein precipitation stage. Analyses done with and without silver iodate treatment are in close agreement but the silver iodate treatment has been retained since recovery of added phenylalanine was rather better with silver iodate treated samples.
The method has been in use here for four years and it has been trouble-free. It is particularly suited to the analysis of small batches of samples done at infrequent intervals. If larger batches of samples are to be analysed, 20 samples can be processed in It hours. A single determination occupies 15 minutes.
